Extended Thomas-Fermi calculations for hot nuclear systems by Brack, Matthias
EXTENDED THOMAS—FERMI CALCULATIONS FOR HOT NUCLEAR SYSTEMS 
M a t t h i a s BRACK 
I n s t i t u t f u r T h e o r . P h y s i k , U n i v e r s i t a t Regensburg 
U n i v e r s i t a t s s t r a f l e 3 1 , D-8400 Re g e n s b u r g , FR6 
ABSTRACT 
We r e v i e w t h e e x t e n d e d Thomas-Fermi t h e o r y f o r systems 
a t f i n i t e t e m p e r a t u r e and p r e s e n t n u m e r i c a l r e s u l t s o f 
a p p l i c a t i o n s t o s e m i - i n f i n i t e n u c l e a r m a t t e r and t o hot 
f i n i t e n u c l e i . 
1 - INTRODUCTION 
The s e m i c l a s s i c a l d e n s i t y v a r i a t i o n a l method u s i n g t h e extended 
Thomas-Fermi (ETF) d e n s i t y f u n c t i o n a l s and Skyrme-type e f f e c t i v e n u c l e a r 
i n t e r a c t i o n s has become a c o m p e t i t i v e e c o n o m i c a l t o o l f o r c a l c u l a t i n g 
a v e r a g e n u c l e a r g r o u n d - s t a t e p r o p e r t i e s and d e f o r m a t i o n e n e r g i e s - (See 
r e f . ^ f o r a r e c e n t r e v i e w . ) Q u a n t i t a t i v e agreement w i t h t h e a v e r a g e d 
r e s u l t s o f - much more t i m e consuming - H a r t r e e - F o c k (HF) c a l c u l a t i o n s 
i s r e a c h e d - Hereby t h e i n c l u s i o n o f t h e s e c o n d - and f o u r t h - o r d e r g r a -
d i e n t c o r r e c t i o n s t o t h e ETF k i n e t i c energy f u n c t i o n a l w i t h t h e i r 
c o r r e c t c o e f f i c i e n t s and t h e c o r r e s p o n d i n g c o n t r i b u t i o n s from v a r i a b l e 
e f f e c t i v e n u c l e o n masses and s p i n - o r b i t p o t e n t i a l s have been shown t o 
1 2) 
be c r u c i a l , i n p a r t i c u l a r when c a l c u l a t i n g f i s s i o n b a r r i e r s . ' 
The g r o w i n g i n t e r e s t i n t h e p r o p e r t i e s of hot n u c l e a r s y s t e m s , 
s t i m u l a t e d by r e c e n t p r o g r e s s b oth i n a s t r o p h y s i c s and heavy i o n r e a c -
t i o n s , have n e c e s s i t a t e d t h e g e n e r a l i z a t i o n o f t h e ETF t h e o r y t o f i n i t e 
t e m p e r a t u r e s , i . e . i n p a r t i c u l a r t h e d e t e r m i n a t i o n o f t h e t e m p e r a t u r e -
dependent g r a d i e n t c o r r e c t i o n s t o t h e f u n c t i o n a l s o f t h e f r e e ( k i n e t i c ) 
energy F [p ] and o f t h e e n t r o p y S [ p ] . T h i s has r e c e n t l y been a c h i e v e d . 
The new f u n c t i o n a l s have been shown t o become q u a n t u m - m e c h a n i c a l l y 
e x a c t a t n u c l e a r t e m p e r a t u r e s T £ 3 MeV where t h e s h e l l e f f e c t s a r e 
4) 
washed o u t . ( A t lower t e m p e r a t u r e s t h e y do not d e s c r i b e c o r r e c t l y t h e 
s h e l l f l u c t u a t i o n s . ) T h e r e f o r e , a t t h e c o r r e s p o n d i n g e x c i t a t i o n e n e r -
g i e s , w h i c h nowadays can e a s i l y be r e a c h e d i n heavy i o n r e a c t i o n s , t h e 
d e n s i t y v a r i a t i o n a l method u s i n g t h e s e f u n c t i o n a l s becomes c o m p l e t e l y 
e q u i v a l e n t t o t h e m i c r o s c o p i c a l HF method, however a t a p p r e c i a b l y l ower 
c o m p u t a t i o n a l c o s t s . 
I n t h e p r e s e n t paper we s h a l l b r i e f l y r e v i e w t h e f i n i t e - t e m p e r a t u r e 
ETF t h e o r y i n s e c t i o n 2. I n s e c t . 3 we a p p l y t h e d e n s i t y v a r i a t i o n a l 
method t o s e m i - i n f i n i t e n u c l e a r m a t t e r i n w h i c h c a s e t h e f o u r t h - o r d e r , 
4) 
n o n l i n e a r E u l e r d i f f e r e n t i a l e q u a t i o n has been s o l v e d n u m e r i c a l l y . 
Two s i t u a t i o n s a r e d i s c u s s e d : 
a) t h e c a s e o f phase e q u i l i b r i u m between t h e gas and t h e condensed 
( l i q u i d ) phase a t f i n i t e p r e s s u r e , such as i t might be e n c o u n t e r e d i n 
a c o l l a p s i n g s t a r and t h u s i s o f i n t e r e s t i n t h e a s t r o p h y s i c a l c o n -
t e x t ; 
b) t h e c a s e o f z e r o p r e s s u r e i n t h e r e g i o n o f t h e condensed p h a s e , s u c h 
as w i l l be t h e s i t u a t i o n o f an i s o l a t e d , hot compound n u c l e u s , 
formed i n a heavy i o n c o l l i s i o n , w h i c h i s m e t a s t a b l e ( s i m i l a r l y t o 
a s u p e r h e a t e d l i q u i d d r o p ) . 
The l a t t e r s i t u a t i o n i s s t u d i e d i n s e c t . 4 i n v a r i a t i o n a l c a l c u l a t i o n s 
f o r f i n i t e hot n u c l e i , and t h e q u e s t i o n o f a l i m i t i n g t e m p e r a t u r e a t 
w h i c h t h e n u c l e u s c e a s e s t o be bound, i s d i s c u s s e d . We f i n a l l y a l s o 
summarize some r e c e n t c a l c u l a t i o n s f o r sum r u l e s f o r n u c l e a r monopole 
and d i p o l e g i a n t r e s o n a n c e s u s i n g t h e v a r i a t i o n a l f i n i t e - t e m p e r a t u r e 
ETF d e n s i t i e s . 
Much o f t h e m a t e r i a l p r e s e n t e d h e r e i s t h e r e s u l t o f v a r i o u s 
c o l l a b o r a t i o n s which w i l l be r e f e r r e d t o a t t h e a p p r o p r i a t e p l a c e s . I 
t a k e t h e o c c a s i o n h e r e t o thank J . B a r t e l , C. G u e t , J . Meyer, P. Q u e n t i n 
and E. S t r u m b e r g e r f o r t h e i r i m p o r t a n t c o n t r i b u t i o n s . 
2. THE FINITE-TEMPERATURE ETF THEORY 
We s h a l l o n l y q u o t e here t h e key r e s u l t s ; f o r d e r i v a t i o n s and 
1 4) 
more d e t a i l e d e x p r e s s i o n s we r e f e r t o r e f s . ' A l l q u a n t i t i e s g i v e n 
i n t h i s s e c t i o n h o l d f o r one k i n d o f n u c l e o n s . 
2.1 The ETF D e n s i t y F u n c t i o n a l s 
The l o c a l d e n s i t y f u n c t i o n a l s - i n c l u d i n g g r a d i e n t c o r r e c t i o n s -
f o r t h e k i n e t i c energy K [ p ] , t h e e n t r o p y S [ p ] and t h e f r e e energy F [ p ] 
(1) 
o f a system o f Fermions moving i n a l o c a l p o t e n t i a l V ( r ) a t t e m p e r a t u r e 
T (measured i n energy u n i t s w i t h k » 1) w i t h d e n s i t y p ( r ) , a r e most 
c o n v e n i e n t l y d e r i v e d w i t h t h e h e l p o f a s e m i c l a s s i c a l 11-expansion o f 
-¥ -* 5) 
t h e d e n s i t y m a t r i x p ( r , r ' ) o r i g i n a l l y due t o Wigner and K i r k w o o d . 
( F o r a l t e r n a t i v e d e r i v a t i o n s o f t h e same *h-e x p a n s i o n , see r e f s . ^ ' ^ ) 
At f i n i t e t e m p e r a t u r e , t h e Wigner t r a n s f o r m o f p ( r , r ' ) , i . e . t h e Wigner 
4) 
f u n c t i o n , becomes 
where n T ( E ) i s t h e Fermi f u n c t i o n 
n T t e } = [ 4 - * - e x y C - E / T ) ! "
1 (3) 
and n " ( E ) , n ^ ' ( E ) , e t c . a r e i t s d e r i v a t i v e s , and H C L i s t h e c l a s s i c a l 
H a m i l t o n f u n c t i o n 
2 
From f £ T p ( p , q ) eq. ( 2 ) , a l l l o c a l d e n s i t i e s o f i n t e r e s t ( d e n s i t y p , 
k i n e t i c e n e r g y d e n s i t y T , e n t r o p y d e n s i t y a , e t c . ) can be d e r i v e d 
e a s i l y . E l i m i n a t i n g t h e Fermi energy A , t h e p o t e n t i a l V and i t s 
d e r i v a t i v e s , one o b t a i n s a f t e r some t e d i o u s a l g e b r a ' t h e ETF f u n c t i o -
n a l f o r t h e f r e e e n e r g y 
F E T P t f l
 = { V ( ? ¥ ? } + I f 1 + £ I f 1 + % t f 1 ^...5,(5) 
where 
Hereby t h e p a r a m e t e r n i s a f u n c t i o n o f p and T: n = n(p,T), d e f i n e d by 
t h e ( u n i q u e ) s o l u t i o n o f t h e e q u a t i o n 
(9) 
The s o - c a l l e d Fermi i n t e g r a l s 3^(n.) i n eqs. (6) and ( 9 ) a r e d e f i n e d by 
I X . (10) 
A r e ' "" 
O 
The c o e f f i c i e n t s £(n.) a n d ^ C n . ) i n e q s . ( 7 , 8 ) a r e u n i v e r s a l , a n a l y t i c a l 
f u n c t i o n s o f n d e f i n e d i n terms o f ^ 1 / p ( n ^
 a n d i t s d e r i v a t i v e s ; t h e y 
4) 
can be computed once f o r a l l and a r e g i v e n i n r e f . S i n c e a l l l o c a l 
d e n s i t i e s ( p , x , a e t c . ) a r e a n a l y t i c a l f u n c t i o n s a t T > 0 (as l o n g as 
V ( r ) i s a n a l y t i c a l ) , one has no t u r n i n g p o i n t problem as i t a r i s e s 
a t T = 0, so t h a t t h e f u n c t i o n a l F E T p [ p ] i s s t r i c t l y v a l i d a l s o i n t h e 
c l a s s i c a l l y f o r b i d d e n r e g i o n s . 
The f u n c t i o n a l S E T p [ p ] f o r t h e e n t r o p y i s o b t a i n e d from F^j^[p] 
eq. ( 5 ) s i m p l y by t h e c a n o n i c a l t h e r m o d y n a m i c a l r e l a t i o n 
( 1 D 
Once F E T p [ p ] and S E T p [ p ] a r e known, t h e k i n e t i c e n ergy f u n c t i o n a l 
K
E T p [ p ]
 i s t r i v i a l l y found from eq. ( 1 ) . 
1 4) 
In r e f s . ' i t was shown t h a t i n t h e l i m i t T - » 0 , S £ T F [ p ] goes t o 
z e r o l i k e T and K E T p [ p ] 9
o e s o v e r i n t o t h e o l-d k i n e t i c e n e r g y f u n c t i o -
n a l known at T = 0 1 ' ° ' 7 ) 
w i t h K = 3/5(3^) ^ and t h e form o f x [p] g i v e n f i r s t by Hodges.*** 
S i n c e t h e l i m i t T 0 can be t a k e n l o c a l l y a t any p o i n t i n space where 
p(r*) > 0, t h i s c o n s t i t u t e s t h e f i r s t r i g o r o u s p r o o f t h a t t h e o l d ETF 
f u n c t i o n a l f o r x [ p ] a t T=0 i s v a l i d a l s o beyond t h e c l a s s i c a l l y 
a l l o w e d r e g i o n . 
9) 
A c c o r d i n g t o t h e theorem by Hohenberg and Kohn and i t s g e n e r a l i -
z a t i o n t o T > 0 by M e r m i n ^ 0 * , t h e f u n c t i o n a l s K [ p ] and S [ p ] a r e u n i v e r -
s a l and in d e p e n d e n t o f t h e l o c a l p o t e n t i a l V ( r ) . Due t o t h e s e m i c l a s s i -
c a l n a t u r e o f t h e ETF model and i t s u n d e r l y i n g 1T-expansion, t h e ETF 
f u n c t i o n a l s cannot r e p r o d u c e c o r r e c t l y t h e f l u c t u a t i n g s h e l l e f f e c t s i n 
t h e t o t a l e n e r g i e s o r e n t r o p i e s ; t h e y a p p l y , however, t o t h e s h e l l -
11 
a v e r a g e d q u a n t i t i e s . T h i s has been d e m o n s t r a t e d n u m e r i c a l l y i n r e f s . ' 
12) 
w i t h t h e h e l p o f m i c r o s c o p i c a l l y S t r u t i n s k y - a v e r a g e d d e n s i t i e s a t 
13) 
T=0. (See r e f . f o r a model c a s e where a v e r a g e and s h e l l f l u c t u a t i n g 
p a r t s a r e s e p a r a t e d a n a l y t i c a l l y . ) 
A w e l l - k n o w n r e s u l t o f t h e s m e a r i n g o f t h e Fermi l e v e l a t f i n i t e 
t e m p e r a t u r e s i s t h e d i s a p p e a r e n c e o f t h e s h e l l e f f e c t s . I n HF c a l c u -
14 15) 
l a t i o n s f o r f i n i t e n u c l e i a t T > 0 i t was shown ' t h a t i n d e p e n -
d e n t l y of t h e n u c l e o n numbers, t h e s h e l l e f f e c t s d i s a p p e a r a t about 
T a 2.5 t o 3 MeV. At and beyond t h e s e t e m p e r a t u r e s , t h e e n e r g y and a l l 
o t h e r e x p e c t a t i o n v a l u e s a r e smooth f u n c t i o n s o f d e f o r m a t i o n and 
n u c l e o n numbers,and one s h o u l d e x p e c t t h e s e m i c l a s s i c a l f u n c t i o n a l s t o 
become a p p r o p r i a t e - I n d e e d , i t was shown i n r e f . i n model c a l c u l a t i o n s 
f o r a deformed harmonic o s c i l l a t o r p o t e n t i a l t h a t f o r T ~ 3 MeV, t h e 
above ETF f u n c t i o n a l s y i e l d t h e e x a c t quantum-mechanical f r e e e n ergy o r 
e n t r o p y w i t h i n l e s s t h a n 0-1 % i n terms o f t h e e x a c t d e n s i t y p ( r ) . (The 
c o n v e r g e n c e o f t h e s e r i e s i n eq. (5) i s so f a s t t h a t t h e sum o f s i x t h 
and h i g h e r o r d e r terms can be e x p e c t e d t o c o n t r i b u t e l e s s t h a n 0-1 % . ) 
Thus, f o r a l l p r a c t i c a l p u r p o s e s , t h e ETF f u n c t i o n a l s up t o f o u r t h 
o r d e r become q u a n t u m - m e c h a n i c a l l y e x a c t at t e m p e r a t u r e s where t h e s h e l l 
e f f e c t s v a n i s h . 
The "R-expansion and t h e ETF f u n c t i o n a l s c a n f w i t h some a l g e b r a i c 
e f f o r t , be e x t e n d e d t o v e l o c i t y - d e p e n d e n t one-body p o t e n t i a l s , such as 
t h e y o c c u r i n HF c a l c u l a t i o n s w i t h SKyrme-type e f f e c t i v e n u c l e a r 
16) 
f o r c e s 
H * - V ^ ^ V + V ( f ) - i W ( ? ) ' ( ^ 5 ) as) 
w i t h a v a r i a b l e e f f e c t i v e mass and a s p i n - o r b i t p o t e n t i a l . For t h e 
c o r r e s p o n d i n g c o n t r i b u t i o n s t o t h e s e c o n d - o r d e r g r a d i e n t c o r r e c t i o n s a t 
1 4) 
T > 0, see r e f s - ' and t o t h e f o u r t h - o r d e r c o r r e c t i o n s a t T=0, see 
r e f . 7 ) . 
2.2 D e n s i t y V a r i a t i o n And The E u l e r E q u a t i o n 
U s i n g t h e above s e m i c l a s s i c a l f u n c t i o n a l s , t h e t o t a l HF e n ergy o f 
a n u c l e u s can be e x p r e s s e d as a l o c a l f u n c t i o n a l o f t h e p r o t o n and 
n e u t r o n d e n s i t i e s a l o n e , i f a Skyrme-type f o r c e i s u s e d . For a f i n i t e -
range f o r c e , d e n s i t y m a t r i x e x p a n s i o n (DME) t e c h n i q u e s ^ * can be used 
t o a r r i v e a t s i m i l a r l o c a l f u n c t i o n a l s . For t h e f o l l o w i n g d i s c u s s i o n , 
we n e g l e c t f o r s i m p l i c i t y t h e d i f f e r e n c e between p r o t o n s and n e u t r o n s 
and o m i t t h e Coulomb i n t e r a c t i o n . The t o t a l f r e e energy i s t h e n 
where t h e f r e e e n e r g y d e n s i t y f u n c t i o n a l F t p ] c o n t a i n s t h e sum o f a l l 
i n t e g r a n d s i n eq- ( 5 ) a f t e r , however, r e p l a c i n g V ( r ) p ( r ) by t h e HF po-
t e n t i a l e n ergy d e n s i t y - I n c l u d i n g g r a d i e n t c o r r e c t i o n s t o t h e ETF 
f u n c t i o n a l s up t o f o u r t h o r d e r i n " f i , we can w r i t e F [ p ] i n t h e f o l l o w i n g 
f o r m : 
Hereby J " (p) i s t h e f r e e e n e r g y d e n s i t y f o r i n f i n i t e n u c l e a r m a t t e r as 
oo 
a f u n c t i o n o f t h e d e n s i t y p; s,g,h and £ a r e f u n c t i o n s o f p c o n t a i n i n g 
t h e T-dependent c o e f f i c i e n t s i n eqs- (7,8) and t h o s e p a r a m e t e r s o f t h e 
f o r c e w h i c h d e s c r i b e i t s n o n l o c a l o r f i n i t e - r a n g e components. 
A n u c l e u s at a f i n i t e t e m p e r a t u r e i s not s t a b l e u n l e s s i t i s i n 
t h e r m o d y n a m i c a l e q u i l i b r i u m w i t h a s u r r o u n d i n g n u c l e o n g a s . The 
q u a n t i t y t o be m i n i m i z e d i s t h e r e f o r e t h e G i b b s f r e e e n e r g y , which 
l e a d s t o t h e v a r i a t i o n a l e q u a t i o n 
V) [ d ? r { ^ - A J - 0 . (16) 
Hereby t h e c h e m i c a l p o t e n t i a l X i s t h e Lagrange m u l t i p l i e r w hich keeps 
t h e p a r t i c l e number c o n s t a n t , and P Q i s t h e f i n i t e e x t e r n a l p r e s s u r e 
n e c e s s a r y t o m a i n t a i n t h e phase e q u i l i b r i u m . Doing t h e v a r i a t i o n i n 
eq. (16) l e a d s t o t h e E u l e r d i f f e r e n t i a l e q u a t i o n 
= X (17) 
t h e l a s t term on t h e I t . h . s i d e i s t h e v a r i a t i o n a l d e r i v a t i v e o f t h e 
f o u r t h - o r d e r g r a d i e n t term eq. ( 8 ) - i . e . t h e sum o f t h e l a s t t h r e e 
terms i n eq. (15) - which c o n t a i n s up t o f o u r t h d e r i v a t i v e s o f p ( r ) . 
Eq. (17) i s t h u s a h i g h l y n o n l i n e a r f o u r t h - o r d e r d i f f e r e n t i a l e q u a t i o n 
w h i c h i n g e n e r a l i s v e r y d i f f i c u l t t o s o l v e . The boundary c o n d i t i o n 
i s such t h a t f a r o u t s i d e t h e n u c l e u s , where t h e gas has a c o n s t a n t 
d e n s i t y p , t h e i n t e g r a n d i n eq. ( 1 6 ) must v a n i s h , so t h a t 
T h i s means j u s t t h a t P Q i s t h e p r e s s u r e o f an i n f i n i t e l y e x t e n d e d gas 
w i t h c o n s t a n t d e n s i t y p . T h i s i s t h e s i t u a t i o n w hich may a p p r o x i m a t e l y 
be r e a c h e d l o c a l l y i n a c o l l a p s i n g m a s s i v e s t a r , where condensed n u c l e i 
e x i s t i n phase e q u i l i b r i u m w i t h a s u r r o u n d i n g gas o f n u c l e o n s (and l e p -
t o n s ) . 
The s i t u a t i o n i s d i f f e r e n t f o r an i s o l a t e d , hot n u c l e u s such as i t 
may be formed i n a heavy i o n c o l l i s i o n . S i n c e t h e r e i s no e x t e r n a l 
p r e s s u r e , t h e n u c l e u s w i l l e v a p o r a t e n u c l e o n s and t h u s be m e t a s t a b l e , 
1 8 ) 
s i m i l a r t o a s u p e r h e a t e d l i q u i d d r o p ( s e e , e.g. r e f . ) . The v a r i a t i o n 
i n eq. ( 1 6 ) must t h e r e f o r e be done a t P Q = 0 . T h i s l e a d s t o t h e same 
E u l e r e q u a t i o n as eq. ( 1 7 ) above, however w i t h d i f f e r e n t boundary c o n -
d i t i o n s . B e f o r e we d i s c u s s t h e s e and some c o r r e s p o n d i n g n u m e r i c a l equa-
t i o n s i n s e c t . 4 , we s h a l l i n t h e f o l l o w i n g s e c t i o n t u r n t o t h e s e m i -
i n f i n i t e c a s e which c o r r e s p o n d s t o t h e l i m i t o f a v e r y l a r g e n u c l e u s 
where c u r v a t u r e e f f e c t s can be n e g l e c t e d . 
3. SEMI-INFINITE NUCLEAR MATTER 
We d i s c u s s h e r e an i n f i n i t e two-phase system i n which condensed 
( l i q u i d ) n u c l e a r m a t t e r i s s e p a r a t e d from a n u c l e o n gas by t h e z - p l a n e . 
1 
We o n l y c o n s i d e r t h e symmetric ( i s o s c a l a r ) c a s e w i t h P N = P P = "2 P- The 
i n t e r f a c e i s d e s c r i b e d by a o n e - d i m e n s i o n a l d e n s i t y p r o f i l e p ( z ) w i t h 
t h e l i m i t i n g v a l u e s 
The f i n i t e q u a n t i t y which i s made s t a t i o n a r y i n t h i s c a s e i s t h e ( G i b b s ) 
1 9 ) 
f r e e i n t e r f a c e e n e r g y per u n i t a r e a ( s e e a l s o r e f . ) which we c a l l 
h e r e s i m p l y t h e s u r f a c e t e n s i o n a as i n t h e T = 0 c a s e : 
( 1 9 ) 
V a r i a t i o n of a w i t h r e s p e c t t o p ( z ) Leads a g a i n t o t h e same E u l e r 
e q u a t i o n (17), e x c e p t t h a t t h e g r a d i e n t s a r e r e p l a c e d by d/dz ( s e e 
4) 
r e f . f o r i t s f u l l f o r m ) . S i n c e t h e z v a r i a b l e does not show up e x p l i -
c i t e l y - i n c o n s i s t e n c y w i t h t r a n s l a t i o n a l i n v a r i a n c e - one can t r a n s -
form t h e e q u a t i o n w i t h t h e s u b s t i t u t i o n 
i n t o a d i f f e r e n t i a l e q u a t i o n f o r p ( p ) . I t can be i n t e g r a t e d once a n a -
4) 
l y t i c a l l y t o t h e s e c o n d - o r d e r e q u a t i o n 
(22) 
t h e p r i m e s d e n o t e here d e r i v a t i v e s w i t h r e s p e c t t o p . Eq. (22) can be 
s o l v e d n u m e r i c a l l y w i t h s t a n d a r d methods, u s i n g t h e a p p r o p r i a t e boundary 
c o n d i t i o n s ( s e e b e l o w ) . I n terms o f t h e s o l u t i o n p ( p ) , t h e i n v e r s e s u r -
f a c e p r o f i l e z ( p ) can t h e n be d e t e r m i n e d t h r o u g h eq. (21) by a s i m p l e 
q u a d r a t u r e : ^ 
(23) 
t h e i n t e g r a t i o n c o n s t a n t C i s i r r e l e v a n t . The s u r f a c e t e n s i o n a (20) 
4) 
can be e x p r e s s e d d i r e c t l y i n terms o f p ( p ) as 
3.1 The E q u i l i b r i u m Case 
I n t h e c a s e o f phase e q u i l i b r i u m , one has t h e e q u a l i t y of t h e 
chemical p o t e n t i a l a t t h e c o n s t a n t l i m i t i n g d e n s i t i e s eq. (19) on e i t h e r 
s i d e _ . 
% - Fj(j>,) * y j ( f o ) (25) 
and p r e s s u r e e q u i l i b r i u m 
I t i s t h e n e a s i l y seen from e q s . (17) and (22) t h a t t h e boundary c o n -
d i t i o n s f o r p ( p ) a r e 
p<r->= p ( f ^ = p' ( i° " p'Cft* • °- < 2 7 ) 
The f o u r c o n s t a n t s A , P q , p Q and p g a r e a t each t e m p e r a t u r e d e t e r -
mined by e q s . (25) and (26) which l e a d t o t h e w e l l - k n o w n M a x w e l l c o n -
s t r u c t i o n . The s o l u t i o n s a r e i l l u s t r a t e d i n F i g s . 1 and 2 f o r t h e 
Skyrme f o r c e SkM'O'^ 0* F i g . 1 shows t h e p r e s s u r e i s o t h e r m s . At each 
t e m p e r a t u r e ( e x c e p t T = 5 MeV), t h e s o l u t i o n s f o r P q and p g a r e i n d i -
c a t e d by d o t s c o n n e c t e d w i t h a dashed h o r i z o n t a l l i n e . The c r i t i c a l 
t e m p e r a t u r e i s seen t o be T . = 14.6 MeV. I n F i g . 2 we show P , p 
F i g u r e 1: 
P r e s s u r e i s o t h e r m s f o r 
i n f i n i t e n u c l e a r m a t t e r 
o b t a i n e d w i t h t h e SkM* 
f o r c e . The t e m p e r a t u r e i s 
g i v e n i n MeV- From r e f . 1 > 
0 0.05 olfnfioiO 0.15 
F i g u r e 2: 
E q u i l i b r i u m p r e s s u r e p 0 , 
l i q u i d d e n s i t y p 0 and gas 
d e n s i t y p g from f i g . 1 
v e r s u s t e m p e r a t u r e T. 
Case o f phase e q u i l i b r i u m 
( a t p 0 ) : s o l i d l i n e s . 
M e t a s t a b l e c a s e ( w i t h 
p r e s s u r e p 0 = 0 i n l i q u i d 
p h a s e ) : dashed l i n e s ( s e e 
t e x t i n s e c t . 3.2 b e l o w ) . 
From r e f . 1 ) . 
and Pg v e r s u s t e m p e r a t u r e T by t h e s o l i d l i n e s . The c r i t i c a l d e n s i t y 
p c r i t i s s e e n t o b e c ^ o s e t 0 o n e ' t h i r d o f t h e s a t u r a t i o n d e n s i t y 
a t T = 0. 
4) 
Eqs. ( 2 2 ) , ( 2 5 ) - ( 2 7 ) have been s o l v e d n u m e r i c a l l y i n r e f . . The 
r e s u l t i n g p r o f i l e s p ( z ) a r e shown i n F i g . 3 f o r t h e same SkM* f o r c e by 
t h e s o l i d l i n e s . The dashed l i n e s a r e v a r i a t i o n a l t r i a l d e n s i t i e s o f 
t h e f o l l o w i n g f o r m : 
(28) 
The p a r a m e t e r s a and y where hereby d e t e r m i n e d by m i n i m i z i n g a eq. ( 2 0 ) . 
The d e n s i t i e s eq. (28) a r e seen t o a p p r o x i m a t e t h e e x a c t ones e x t r e m e l y 
w e l l . The c o r r e s p o n d i n g v a l u e s of t h e s u r f a c e t e n s i o n a a g r e e w i t h i n 
l e s s t h a n 1 % a t low T and w i t h i n l e s s t h a n 0.1 % at T £ 5 MeV. T h i s 
g i v e s a n i c e c o n f i r m a t i o n o f e a r l i e r v a r i a t i o n a l c a l c u l a t i o n s f o r f i n i t e 
1) 
n u c l e i u s i n g g e n e r a l i z e d Fermi f u n c t i o n s of t h e form ( 2 8 ) . 
F i g u r e 3: 
D e n s i t y p r o f i l e s p ( z ) f o r i n f i n i t e n u c l e a r m a t t e r (SkM* f o r c e ) 
a t t h r e e t e m p e r a t u r e s ( i n MeV). S o l i d l i n e s : e x a c t n u m e r i c a l 
s o l u t i o n . Dashed l i n e s : o p t i m i z e d t r i a l d e n s i t i e s eq. ( 2 8 ) . 
From r e f . ^ . 
From t h e n u m e r i c a l s o l u t i o n s , one can e a s i l y d e t e r m i n e t h e symme-
t r i c l i q u i d - d r o p p a r a m e t e r s o f t h e f r e e energy o f a n u c l e u s i n e q u i l i -
b r i u m w i t h i t s s u r r o u n d i n g gas 
2/3 1/3 
F = a A + a A + a A +... 
v s c 
+ asymmetry terms + Coulomb energy . (29) 
-1 /3 
The s u r f a c e e n e r g y c o e f f i c i e n t i s a^ = 47Tr 2 a w i t h r = (4TTP /3) ; 
1 4) 0 0 
f o r t h e c o e f f i c i e n t a c see r e f s . ' . I n F i g . 4 we show t h e p a r a m e t e r s 
a and a v e r s u s t e m p e r a t u r e by t h e s o l i d l i n e s , a c o n t a i n s a l s o t h e 
s c 1 21) 0 
s o - c a l l e d c o m p r e s s i o n e n e r g y ' (about - 2.8 MeV a t T = 0 ) . Both p a r a -
m e t e r s go t o z e r o a t t h e c r i t i c a l t e m p e r a t u r e T c r ^ t where t h e y l o o s e 
t h e i r meaning. The a s y m m e t r i c ( i s o v e c t o r ) l i q u i d - d r o p p a r a m e t e r s can be 
o b t a i n e d a n a l o g o u s l y by s o l v i n g two c o u p l e d E u l e r e q u a t i o n s f o r two 
d e n s i t i e s p R ( z ) and p p ( z ) . T h e i r e v a l u a t i o n i s t h e o b j e c t o f a f o r t h -
coming p u b l i c a t i o n . ^ 2 ) 
3 . 2 The M e t a s t a b l e Case ( P = 0) 
o 
I f we want t o s i m u l a t e t h e s i t u a t i o n o f an i s o l a t e d , m e t a s t a b l e 
n u c l e u s i n t h e l i m i t A •+ °°, we have t o r e q u i r e P q = 0 i n t h e condensed 
phase i . e . a t z = - ». The l i m i t i n g d e n s i t y p Q i s t h e n j u s t t h e s a t u -
r a t i o n d e n s i t y f o und at each t e m p e r a t u r e from t h e e q u a t i o n 
5s- (p.) = * - • ( 3 o ) 
However, as was p o i n t e d out a l r e a d y by S t o c k e r and B u r z l a f f i n TF 
2 3 ) 
c a l c u l a t i o n s a t T > 0 , t h e r e i s no o t h e r s o l u t i o n t o t h e E u l e r 
e q u a t i o n (17) a t P q = 0 w i t h a c o n s t a n t d e n s i t y ( e x c e p t t h e t r i v i a l 
c a s e p = 0 a t T = 0; f o r T > 0 , J ^ ' ( p ) d i v e r g e s l o g a r i t h m i c a l l y f o r 
°° 2 3 ) 
p 0 ! ) - I n s t e a d , S t o c k e r and B u r z l a f f f o u n d t h a t i n t e g r a t i n g o u t -
wards from t h e s a t u r a t i o n d e n s i t y p Q , t h e s o l u t i o n p ( z ) d e c r e a s e s u n t i l 
i t r e a c h e s a minimum a t a f i n i t e d i s t a n c e from t h e s u r f a c e , say a t Z Q , 
at w h i c h t h e d e n s i t y i s n o n z e r o : 
J = O, (31) 
9(^0) = g>3 > 0 . ( T > 0 ) (32) 
Beyond Z q , t h e p r o f i l e p ( z ) i n c r e a s e s a g a i n , so t h a t t h e s o l u t i o n must 
be c u t a t z = z - The d e n s i t y p a t z i s such t h a t t h e i n t e g r a n d of 
o g o 
eq- (20) ( w i t h P = 0) v a n i s h e s t h e r e : 
o 
The same q u a l i t a t i v e s o l u t i o n s a r e a l s o found i f t h e ETF g r a d i e n t 
1 24) 
c o r r e c t i o n s a r e i n c l u d e d i n t h e E u l e r e q u a t i o n ' : t h e r e e x i s t s a 
f i n i t e d i s t a n c e z a t wh i c h eqs- (31) - (33) a r e f u l f i l l e d - The non-
o 
z e r o d i f f e r e n c e b e t w e e n f r , ( p ) and X i n eq- (17) i s made up by n o n z e r o 
00 g 
v a l u e s of some o f t h e h i g h e r d e r i v a t i v e s o f p ( z ) a t Z q . I f o n l y t h e 
s e c o n d - o r d e r g r a d i e n t c o r r e c t i o n s a r e t a k e n i n t o a c c o u n t ( i . e . i f 
_ 24) 
X [ p ] i s n e g l e c t e d ) , o n e f i n d s p " ( z Q ) * 0- I n c l u d i n g a l s o t h e v a r i a -
t i o n o f ^ [ p ] , we l e a r n from eq- (22) t h a t a l s o P'<Pg)
 a n d t h u s p " ( Z Q ) 
must be z e r o . The boundary c o n d i t i o n s (27) f o r t h e f u n c t i o n p ( p ) remain 
t h u s t h e same. The i n t e r f a c e p r o f i l e p ( z ) must, however, be cut a t Z = 2 Q -
T h i s p r o c e d u r e may l o o k somewhat s t r a n g e , but i t i s t h e p r i z e we have 
t o pay f o r t r e a t i n g a m e t a s t a b l e system by a s t a t i c v a r i a t i o n a l p r o c e -
d u r e . 
The s o l u t i o n s found i n t h i s way f o r p Q , p^ a t v a r i o u s temperatures 
a r e shown i n f i g s . 1,2. I n f i g . 1, t h e s a t u r a t i o n d e n s i t i e s p Q a r e g i v e n 
by t h e c r o s s e s a l o n g t h e a x i s P = 0. There i s a maximum t e m p e r a t u r e 
T = 11.6 MeV f o r which t h e c u r v e P ( p ) t o u c h e s t h e a b s c i s s a a t a f i n i t e 
m 
v a l u e o f p. I n t h e c o r r e s p o n d i n g phase d i a g r a m f o r a f i n i t e s y s t e m , 
t h i s i s t h e l i m i t i n g t e m p e r a t u r e a t which t h e system can e x i s t a t z e r o 
e x t e r n a l p r e s s u r e i n a m e t a s t a b l e s t a t e . ( F o r e x p e r i m e n t a l v a l u e s o f 
T and t h e c o r r e s p o n d i n g d i s c u s s i o n f o r c l a s s i c a l s u p e r h e a t e d l i q u i d 
m 18) 
d r o p s , see T e m p e r l e y . ) I n f i g . 2, t h e d e n s i t i e s p Q and p^ o b t a i n e d 
f o r t h e m e t a s t a b l e c a s e (P = 0) a r e shown v e r s u s T by t h e dashed-dotted 
o " 
c u r v e s . The d e n s i t y p a t t h e l i m i t i n g t e m p e r a t u r e i s seen t o be v e r y 
1 m 
c l o s e t o — p . 
2 0 0 
I n p a s s i n g we m e n t i o n t h a t t h e q u a l i t a t i v e f e a t u r e s o f t h e c u r v e s 
i n f i g s . 1 and 2 can be o b t a i n e d by t h e s i m p l i f i e d e q u a t i o n o f s t a t e 
(34) 
w i t h c o n s t a n t p a r a m e t e r s a,b. For t h e c r i t i c a l p o i n t a t phase e q u i l i -
b r i um one f i n d s 
rs T - P Ct* 
? c r c t ^ 3 k ) , U r C t • 3 f e j . (35) 
With t h e s a t u r a t i o n d e n s i t y a t T = 0 g i v e n by p^ = a/b, we f i n d P c r ^ t
 = 
= p /3 w h i c h i s c l o s e l y f u l f i l l e d f o r t h e SkM* f o r c e . For t h e l i m i t i n g 
oo 
v a l u e s o f t h e m e t a s t a b l e s i t u a t i o n we f i n d 
Q \ 
?* " TiT * f - , ( 3 6 ) 
which a g a i n i s v e r y c l o s e l y f u l f i l l e d f o r t h e SkM* f o r c e , and 
T » M <§f " * T ^ * ; ( 3 7 ) 
t h i s r a t i o i s not f a r from T /T . = 0.79 f o und w i t h t h e SkM* f o r c e . 
m c n t 
The e q u a t i o n o f s t a t e (34) may t h u s be used f o r s c h e m a t i c d i s c u s s i o n s . 
We have, however, not used i t s i n c e i t i s s i m p l e enough t o c a l c u l a t e 
P ( p ) f o r a Skyrme f o r c e e x a c t l y . 
We have a g a i n s o l v e d t h e E u l e r e q u a t i o n n u m e r i c a l l y ^ ^ w i t h t h e 
boundary c o n d i t i o n s (30) - ( 3 3 ) . The l i q u i d - d r o p p a r a m e t e r s a g and 
c o r r e s p o n d i n g t o t h i s m e t a s t a b l e s i t u a t i o n a r e shown as f u n c t i o n s o f 
t h e t e m p e r a t u r e i n f i g . 4 by t h e dashed l i n e s . They o b v i o u s l y v a n i s h 
a t t h e l i m i t i n g t e m p e r a t u r e T . I n an a t t e m p t t o p a r a m e t r i z e t h e r e s u l t -
m 
i n g v a r i a t i o n a l d e n s i t y p r o f i l e s p ( z ) , we used t h e a n s a t z 
§fa - S>o[e v "~ / 3 * ( U c L)r] ; ( 3 8 ) 
t h e p a rameter G was chosen 
t o f u l f i l eqs- (31) and ( 3 2 ) . The p a r a m e t e r s a and y were a g a i n d e t e r -
mined by m i n i m i z i n g a eq. (20) w i t h P q = 0. As i n t h e e q u i l i b r i u m c a s e , 
t h e v a l u e s o f a found i n t h i s r e s t r i c t e d v a r i a t i o n a l c a l c u l a t i o n were 
i n e x c e l l e n t agreement w i t h t h o s e o b t a i n e d from t h e e x a c t n u m e r i c a l 
s o l u t i o n s o f p ( z ) : t h e e r r o r was l e s s t h a n 1 % f o r 0 £ T ;S 4 MeV and 
l e s s t h a n 0.1 % f o r T > 5 MeV. 
The f a c t t h a t t h e two p a i r s o f c u r v e s i n f i g . 4 ( P # 0 and 
P q = 0, r e s p . ) a g r e e r a t h e r a c c u r a t e l y f o r 0 < T ;$ 4 MeV s u g g e s t s t h a t 
t h e t r e a t m e n t o f t h e gas component f o r z > 0 has l i t t l e e f f e c t on t h e 
r e s u l t s a t lower t e m p e r a t u r e s ; t h i s i s u n d e r s t o o d by t h e e x p o n e n t i a l l y 
s m a l l n u m e r i c a l v a l u e s of e i t h e r o f t h e p^ v a l u e s up t o T - 4 MeV ( s e e 
f i g . 2 ) . I n f a c t , even i f p g i s put a r t i f i c i a l l y e q u a l t o z e r o , one 
o b t a i n s v a l u e s o f a and a w h i c h a g r e e w i t h i n l e s s t h a n 1 % w i t h 
s c 
t h o s e shown i n f i g . 4 up t o T * 4 MeV. T h i s shows t h a t up t o t h i s tem-
p e r a t u r e t h e i n s t a b i l i t y o f t h e h e a t e d n u c l e u s can be n u m e r i c a l l y n e g -
1) 
l e c t e d , as i t was done i n e a r l i e r d e n s i t y v a r i a t i o n a l c a l c u l a t i o n s . 
S i m i l a r c o n c l u s i o n s were drawn a l s o from HF c a l c u l a t i o n s at T > 0 ^ ' ^ ' ^ . 
4. FINITE NUCLEI 
Encouraged by t h e r e s u l t s w i t h t h e t r i a l d e n s i t y eq. (38) i n t h e 
s e m i - i n f i n i t e c a s e , we a r e i n t h e p r o c e s s of a d a p t i n g t h e s e v a r i a t i o n a l 
22) 
c a l c u l a t i o n s t o f i n i t e , i s o l a t e d n u c l e i a t h i g h e r t e m p e r a t u r e s . The 
s p h e r i c a l d e n s i t i e s a r e chosen i n t h e form (q = n o r p f o r n e u t r o n s o r 
p r o t o n s ) 
$,(0 - m [ e ^ • ( U ^ ) A ] (r«RcuJ<39> 
w i t h , i n p r i n c i p l e , d i f f e r e n t v a l u e s o f t h e p a r a m e t e r s a , 0 , y . 
q r q q <\ 
and f o r p r o t o n s and n e u t r o n s - The v a l u e s o f p a r e a g a i n d e t e r m i n e d 
by r e q u i r i n g 
^ / ( R c u t ) - o . (40) 
Of c o u r s e , t h e c o r r e c t n u c l e o n numbers N and Z a r e imposed wh i c h a l l o w s 
t o e l i m i n a t e e-g. t h e p a r a m e t e r s R- - The d e n s i t i e s a r e c u t at r = R . 
™ c u t 
which means t h a t t h e n u c l e u s i s put i n t o a s p h e r i c a l box w i t h r a d i u s 
R 4.. The f r e e e nergy c u t 
(41) 
i s t h e n m i n i m i z e d , s u b j e c t t o t h e boundary c o n d i t i o n ( 4 0 ) , w i t h r e s p e c t 
t o n , <* and y f o r each g i v e n R The c u t - o f f r a d i u s R . i t s e l f 
M o q ' q a. * cut c u t 
i s a l s o d e t e r m i n e d v a r i a t i o n a l l y ; i t t u r n s out t h a t t h e f r e e energy F 
has a maximum a t a f i n i t e v a l u e o f R . f o r 0 < T < T* ( s e e s e c t - 4.1 
^ cut - m 
f o r t h e l i m i t i n g t e m p e r a t u r e T ) . For T = 0, R . = » and t h e d e n s i t i e s 
m cut 
(39) r e d u c e t o g e n e r a l i z e d Fermi f u n c t i o n s used i n e a r l i e r ETF c a l c u -
1) 
l a t i o n s . Such s i m p l e p r o f i l e s c a n , i n f a c t , be used a l s o a t moderate 
t e m p e r a t u r e s (T < 3 MeV) - t h u s n e g l e c t i n g t h e n u c l e o n e v a p o r a t i o n -
and y i e l d r e s u l t s i n e x c e l l e n t a g r e e m e n t ^ w i t h t h e c o r r e s p o n d i n g 
e a r l i e r HF r e s u l t s . 
4.1 L i m i t i n g Temperature Of An I s o l a t e d N u c l e u s 
I n t h e c o n t e x t w i t h h e a v y - i o n c o l l i s i o n s , t h e r e has been some 
s p e c u l a t i o n about t h e maximum amount o f e x c i t a t i o n energy ( o r h e a t ) 
26) 
which can be s t o r e d i n an e x c i t e d compound n u c l e u s . The c o r r e s p o n d -
i n g l i m i t i n g t e m p e r a t u r e i s e x p e c t e d t o be d i f f e r e n t from T m o b t a i n e d 
i n t h e i n f i n i t e c a s e ( s e e s e c t . 3.2) f o r t h r e e r e a s o n s : 
1) The f i n i t e n e s s o f t h e s y s t e m . I t s h o u l d not change T much f o r m e d i -
m 
urn o r heavy s y s t e m s . 
2) The asymmetry p # p . I t i s known t o lower t h e c r i t i c a l t e m p e r a t u r e 
P 27) 
T . i n t h e phase e q u i l i b r i u m and t h u s p r e s u m a b l y a l s o T . 
3) The Coulomb r e p u l s i o n . I t has t h e most d r a m a t i c e f f e c t . I n r e c e n t 
25) 
HF c a l c u l a t i o n s i t was shown t o r e d u c e t h e l i m i t i n g t e m p e r a t u r e from 
T - 12.5 MeV ( f o r t h e uncharged n u c l e u s 2 0 8 P b ) t o T = 8 MeV ( f o r t h e 
m 208 m 
r e a l Pb n u c l e u s ) . 
I n F i g . 5 we p r e s e n t r e s u l t s o f our c a l c u l a t i o n s f o r a system w i t h 
N = Z = 100, o m i t t i n g t h e Coulomb i n t e r a c t i o n . The l i m i t i n g t e m p e r a t u r e 
i s f o u nd t o be c l o s e t o T = 11.6 MeV. The d e n s i t i e s p a t t h e c u t - o f f 
m g 
r a d i u s a r e a l s o c l o s e t o t h e ones found i n t h e s e m i - i n f i n i t e c a s e ( s e e 
F i g . 2 ) . 
C a l c u l a t i o n s w i t h a s y m m e t r i c n u c l e i i n c l u d i n g t h e Coulomb f o r c e a r e 
i n p r o g r e s s . ^ As a p r e l i m i n a r y r e s u l t , we f i n d f o r ^°^Pb a l i m i t i n g 
t e m p e r a t u r e 
8 MtV & T* <, 8>5 MeV ( l o c Pb ) (42) 
w i t h t h e SkM* f o r c e . Beyond t h i s t e m p e r a t u r e , no minimum c o u l d be f o u n d 
f o r t h e f r e e e n e r g y F e q . (41) f o r any s t a t i o n a r y v a l u e o f R : t h e 
system c e a s e s t o be bound. The r e a s o n f o r t h i s i n s t a b i l i t y i s c l e a r l y 
e i wi 
26) 
t h e Coulomb r e p u l s i o n ( s e e a l s o r e f s . ^ ' ^ ) . R e a l n u c l e l l t h e r e -
f o r e not r e a c h any l i q u i d - t o - g a s phase t r a n s i t i o n p o i n t . 
The r e s u l t eq. (42) i s i n c l o s e agreement w i t h t h a t found by 
Bonche et a l . ^ i n t h e i r HF c a l c u l a t i o n s , a l t h o u g h t h e y used a Skyrme 
f o r c e (SkM) w i t h a lower s u r f a c e t e n s i o n ^ w h i c h t h u s s h o u l d l e a d t o 
lower l i m i t i n g t e m p e r a t u r e s . A h i g h e r v a l u e o f T* would be 
e x p l a i n e d by t h e d i f f e r e n t boundary c o n d i t i o n s used i n r e f . 2 5 > w h i c h , 
i n f a c t , seem t o be c l o s e r t o t h o s e o f a p h a s e - e q u i l i b r i u m s i t u a t i o n . 
Our r e s u l t s a l l o w a s i m p l e e s t i m a t i o n o f t h e e v a p o r a t i o n t i m e o f 
t h e m e t a s t a b l e n u c l e u s . The f i n i t e gas d e n s i t y n = p(R * ) a t t h e 
g ^ c u t 
c o n f i n i n g w a l l c o r r e s p o n d s t o a gas p r e s s u r e P g w h i c h , f o r t h e s m a l l 
v a l u e s o f p g found f o r T <, 6 MeV, i s t h a t o f an i d e a l g a s : 
Pj « Tp, . (43) 
U s i n g t h e e q u i p a r t i t i o n l aw, t h i s c o r r e s p o n d s t o an a v e r a g e r a d i a l 
v e l o c i t y 
Vr - /mp," « /T/w' (44) 
w i t h which t h e n u c l e o n s knock a t t h e w a l l a t R .. I f t h e w a l l were 
cut 
r e l e a s e d , t h e y would escape w i t h a f l u x = p^r t h r o u g h t h e s u r f a c e 
4 ? r R ^ u t , g i v i n g an e v a p o r a t i o n r a t e 
& kK&^k $)JTM . (45) 
From our p r e l i m i n a r y r e s u l t s f o r ^°^Pb a t T = 8 MeV, we o b t a i n i n t h i s 
— 2 <+ 
way an e v a p o r a t i o n t i m e o f T _ s 1.5 x 10 sec which i s c l e a r l y un-
evap. 
p h y s i c a l . T h i s means t h a t t h e m e a n - f i e l d a p p r o a c h i s no l o n g e r c o n s i s -
- 2 2 
t e n t a t such t e m p e r a t u r e s . I n o r d e r t o have T > 10 s e c , T s h o u l d 
K evap. ~ ' 
s t a y below ~ 5 MeV. We t h u s draw t h e p r e l i m i n a r y c o n c l u s i o n t h a t r e a l 
n u c l e i w i l l h a r d l y e x i s t beyond T ^ 5 MeV s i n c e Jthen t h e mean f i e l d no 
l o n g e r e x i s t s . To be more c a u t i o u s : I n a s t a t i c m e a n f i e l d a p p r o a c h , we 
cannot p r e d i c t t h e e x i s t e n c e o f f i n i t e , m e t a s t a b l e n u c l e i w i t h t e m p e r a -
t u r e s h i g h e r t h a n T « 5 MeV. 
4.2 O t h e r A p p l i c a t i o n s 
We f i n a l l y m e n t i o n v e r y b r i e f l y two a p p l i c a t i o n s o f t h e f i n i t e 
t e m p e r a t u r e ETF t h e o r y t o f i n i t e n u c l e i a t t e m p e r a t u r e s T £ 4 MeV where 
th e gas component was n e g l e c t e d (p = 0 ) . S t a t i c d e f o r m a t i o n e n e r g i e s 
were c a l c u l a t e d and t e m p e r a t u r e - d e p e n d e n t f i s s i o n b a r r i e r s were o b t a i n e d 
i n r e f s . ^ ' ^ As a f i r s t s t e p t o w a r d s n u c l e a r d y n a m i c s , sum r u l e s and 
e n e r g i e s o f g i a n t monopole and d i p o l e r e s o n a n c e s were c a l c u l a t e d as 
29) 
f u n c t i o n s o f t h e t e m p e r a t u r e . The newest r e s u l t s o f b o t h k i n d s o f 
c a l c u l a t i o n s w i l l be p r e s e n t e d a t t h e c o n f e r e n c e . 
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